Austenitic stainless steels are a widely used group of stainless steels. Problems have been reported by users during machining due to its low thermal conductivity, high work hardening, high strength, and high ductility. These made it difficult to machine the materials. The aim of the present study is to investigate the influence of Pressure Vapour Deposition (PVD) and Chemical Vapour Deposition (CVD) coated cemented carbide inserts on the surface quality of the work piece when turning on AISI 304 austenitic stainless steel work pieces, on computer numerical controlled (CNC) lathe. Taguchi's Design of Experiments approach (DOE) is used to analyze the effect of process parameters on surface roughness to obtain their optimal setting. The analysis of variance (ANOVA) is employed to analyze the influence of process parameters during turning. The results have shown that the improvement in average surface finish is obtained when machining with PVD coated insert (1.13 µm).The nose radius is the most significant process parameter (62.88% contribution) when turning with PVD insert. The cutting speed is the most significant factor (37.84% contribution) when turning with CVD insert. Optimal ranges of surface roughness values are also predicted.
Introduction
Surface integrity is a significant quality measure for evaluating the productivity of the machine tools and mechanical parts. Surface quality is influenced by various factors such as tool geometry cutting parameters, work materials variables, cooling lubrication environment etc. Many experimental studies have been conducted to explore the effects of cutting conditions on the surface roughness of various work piece materials (Aman Aggarwal et al., 2008; Anirban Bhattacharya et al., 2009; Anthony and Adithan 2009; Mahapatra SS et al., 2006) . Achieving good surface finish of difficult-to-machine materials is a tough task. Many problems have been reported by users during its machining (O'Sullivan and Cotterell 2002) . In this regard, many efforts have been put to improve its machinability, among which, application of hard coatings on tools by PVD and CVD is one of the effective ways. It is proved that coated tools performance is better than the uncoated tools. Today around 70% of the tools are cemented carbide coated tools, used in various manufacturing industries. These hard coatings increase tool life, allow improved and more consistent surface finish of the machined work piece (Endrino et al., 2006) . Especially these hard coatings are very much useful to improve the machinability of difficult-to-machine materials such as austenitic stainless steel.. The tendency of high work hardening, high strength, low thermal conductivity makes austenitic stainless steel difficult to machine.
Optimal setting of process parameters is a crucial aspect to improve the machinability of the materials. The availability of machining data from suppliers, engineering data book, experience of machine tool operators are not very scientific which further decreases productivity. Under these circumstances, optimal selection and implementation of machining parameters is necessary to enhance the productivity.
The aim of the present experimental investigation is to evaluate the effects of the coating materials and determine the optimal levels of process parameters for optimizing the surface quality of AISI 304 austenitic stainless steel work piece by employing Taguchi's orthogonal array design and Analysis of Variance (ANOVA) using CVD and PVD coated tool on CNC lathe under dry environment. The AISI 304 austenitic stainless steel is the most widely used grade among all the grades of austenitic stainless steel. It is used for aerospace components and chemical processing equipment, for food, dairy, and beverage industries, for heat exchangers, and for the milder chemicals.
Austenitic stainless steel machining
The austenitic stainless steel is consumed in large volumes (72%) among the other grades of stainless steels. Many of research works contributed their efforts to overcome poor machinability of austenitic stainless steels (Lin, 2008; Anthony and Adithan, 2009; Ciftci, 2006; Ozek et al., 2006; Al-Ahmari, 2007; Caydas and Ekici, 2010; Jahan et al., 2010; O'Sullivan and Cotterell, 2002; Korkut et al., 2004; Akasawa et al., 2003) . The literature survey revealed that little attention has been focused to turn the AISI 304 austenitic stainless steel under different cutting parameters with different coated tools.
Experimental Procedure
Turning is a widely used material removal process from the surface of a rotating cylindrical work piece. The Computer numerical controlled (CNC) machines play a major role in modern machining industry to enhance product quality as well as productivity (Tian-Syung, 2009 ). The present experimental investigation was carried out according to the conditions given in Table  1 . Taguchi specified L 16 mixed level design (Table 4 ). The machining tests are carried out on the material in cylindrical form, 330 mm long and 50 mm diameter by two types of cutting inserts separately with two different nose radii on a Parishudh TC-250 CN, India, CNC lathe with a variable speed of up to 3250 rpm and a power rating of 7.5kW. These work pieces cleaned prior to the experiments by removing 0.3 mm thickness of the top surface from each work piece in order to eliminate any surface defects and wobbling. As far as possible, the machining tests were performed as per the recommendations of ISO 3685. The surface roughness of machined surfaces has been measured by a Talysurf (Taylor Hobson, Surtronic 3+, UK) surface roughness tester. The chemical composition of AISI 304 is given in Table 3 .The technical features of cutting inserts are given in the Table 2 . 
3.Results and discussions
The Figure 1 showed that the values of average surface roughness are obtained by PVD and CVD coated inserts are 1.13 µm, 1.28 µm. A 13.27 % improvement of surface roughness value has been observed when machining with PVD coated insert. In both inserts, top layer is TiN and the coating is carried out by means of PVD process on different substrates. The outer or top most layer of TiN has a certain characteristics such as tendency to reduce BUE, a higher coefficient of friction and thermal conductivity. These characteristics resulted in less thermal cracks, increases tool life and improves surface finish. The CVD deposits the coating at high temperature (950-1059 0 C) results embrittlement of the cutting edge. This drawback is overcome in the PVD process. It offers lower deposition temperature of coating (400-600 0 C) and a sharp cutting edge without any embrittlement effect which is very essential for machining of stainless steels (Soderberg et al., 2001 ). The PVD process has a record of proven performance of over CVD process due to its low coating temperature deposition (Jindal et al., 1999) . The average surface roughness values (From Figure 3 ) obtained at the selected feed rates are observed in decreasing order. The values are followed as; 1.31 µm at 0.15 mm, 1.28 µm at 0.20 mm, 1.11 µm at 0.25mm, 1.10 µm at 0.3mm. Here, a 19% improvement of surface roughness value has been achieved due to increase in the feed rate 50%, from 0.15 to 0.3 mm/rev. (Table 7) .
Numerous studies have been carried out to observe changes in surface roughness depending on process conditions in various types of work materials. Most of these indicated that a high feed rate, higher depth of cut, and lower cutting speed resulted increase in the surface roughness values. However, the present work did not obtain such results. The reason is that the surface finish is adversely affected by lower feed rates. A lower feed rate leads to the formation of BUE which is partly carried out by the chip and the rest is deposited on the work piece (Akasawa et al., 2003) . This tendency is observed in the present work. The high toughness and high ductility of the difficult-to cut materials produces long continuous curly chips which results surface texture deterioration and adhesive wear enhancement. In the present work, long and stringy chips are produced at lower feed rates which result tearing of work piece during chip formation due to the trapping /accumulation of chips and chip curling back into the work material (Fig. 3) . This tendency results deterioration of work piece surface roughness. Another possible reason for the deviation of the results from the fundamental theoretical values tendency is the complex deformation pattern of difficult-to-machine materials (Pawade and Joshi, 2011) . These kinds of results are also observed in the previous studies when machining with difficult-to-cut materials (Lin, 2009; Taha et al., 2010; Basim et al., 2011; Pawade and Joshi, 2011) . 
Analysis of variance (ANOVA)

Main effect plots analysis
The analysis was made by a software package MINITAB 14. The main effect plots are shown in Figure 5 and Figure 6 .These show the variation of individual response with the four parameters i.e. cutting speed, feed, depth of cut and nose radius separately. In the plots, the x-axis indicates the value of each process parameter at two level and y-axis the response value. Horizontal line indicates the mean value of the response. The main effects plots are used to determine the optimal design conditions to obtain the optimum surface finish. Fig.3 shows the main effect plot for surface roughness of work piece when machined with CVD coated insert. The results showed that with the increase in cutting speed there is slight increment in R a value up to 170 m/min. Further, surface finish improves with increasing cutting speed. The lowest surface roughness value obtained at 210 m/min. Many works have been indicated that a high feed rate, high depth of cut and lower cutting speed would increase the surface roughness. But this is not occurred in the present work. This is due to the complex deformation characteristics of stainless steel during machining which may not be as similar to normal steels and alloys. This makes a difference. As the feed increases from 0.15 mm/rev to 0.20 mm/rev the surface roughness is increased slightly further decreases. Nose radius has proportional relation with Ra. At 210 m/min speed, 0.3 mm/rev feed, 3.00 mm depth of cut, the highest average surface roughness is recorded. The best average surface finish is obtained at 0.4 mm nose radius of cutting tool. In case of main effect plots of surface roughness of work piece when PVD coated is used for machining. As the speed increases the surface roughness value decreases up to 190 m/ min speed. And rise of surface roughness is observed at highest cutting speed 210 m/ min. As the feed increases, surface roughness values decrease and rise occurred at 0.3 mm/ rev. Lowest and highest surface roughness values obtained at 1.00 mm and 1.5 mm depth of cut. The surface roughness showed the up and down tendency with depth of cut. The Analysis of the results from the plots, lead to establish the optimal setting levels of process parameters. Hence, the combination of process parameters A3-B3-C4-D1 gives the minimum surface roughness when machined with CVD coated insert. Similarly, the combination of process parameters A2-B3-C2-D1 (From Table 4 , 6) produces minimum surface roughness when machined with PVD coated insert. The ANOVA is used to identify the significant process parameters more accurately by investigating the relative importance of process parameters (Ross, 1996) . Table 5 shows the results of ANOVA for Ra when machining with CVD insert. It is observed that nose radius (62.88 %) is the most significant parameter followed by feed (20.73%) when machining with CVD coated insert. A larger F value shows the greater impact on the machining performance characteristics (Ross, 1996) . Larger F-values are observed for nose radius and feed. In case of PVD coated insert, (From Table 6 ), cutting speed (37.838%) is the most significant factor followed by feed (22.880%). whereas depth of cut and nose radius are less effective comparatively. The diagnostic checking has been performed through residual analysis for the developed models. From the figures 7 and 8, it is observed that there is a violation (funnel/megaphone effect) of the assumption of homogeneity of variance. In order to stabilize the variances, transformation of data approach is applied. After the application of this approach, Figures 10-13 
Mean of Means
Conclusions
The present work has been conducted to evaluate the coating material performance and determine the process parameters to optimize the surface roughness of AISI 304 austenitic stainless steel using PVD and CVD Coated cutting inserts.Taguchi technique is employed to determine the optimal levels of process parameters. The conclusions of the investigation can be drawn as follows:
• According to the coating types, the best surface finish is obtained for cutting by insert coated with TiAlN-TiN by PVD technique.
• The ANOVA and F-test revealed that the nose radius (62.88%) is the dominant parameter when the turning is carried out by PVD insert. Cutting speed (37.83%) is the significant factor when the material is turned by CVD insert.
• The optimal combination of process parameters for obtaining minimum surface roughness values at 190 m/min cutting speed, 0.25 mm/rev feed, 0.5 mm depth of cut and 0.4 mm nose radius when turning with CVD insert. The optimal combination of process parameters for obtaining minimum surface roughness values at 170 m/min cutting speed, 0.25 mm/rev feed, 1.00 mm depth of cut and 0.4 mm nose radius when turning with PVD insert. • The experimental results are different from theoretical tendency due to chip behavior during turning and complex deformation pattern of the work material.
• • Multiple linear regression models were developed for surface roughness values of both the inserts. The developed models were reasonably accurate and can be used for prediction within limits. The optimal range of surface roughness values of the work piece is also predicted.
• The present work may be extended to study the influence of coatings on other responses like tool wear, tool tip temperature, tool vibration.
• The present work is carried out under dry environment. This work may be carried out under different cutting fluids.
